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Abstract
Background: This study examines the association between socioeconomic status and changes in
physical function in younger- (aged 55–70 years) and older-old (aged 70–85 years) adults and seeks
to determine the relative contribution of diseases, behavioral, and psychosocial factors in explaining
this association.
Methods:  Data were from 2,366 men and women, aged 55–85 years, participating in the
Longitudinal Aging Study Amsterdam (LASA). Two indicators of socioeconomic status were used:
education and income. Physical function was measured by self-reported physical ability over nine
years of follow-up.
Results: In older adults, low socioeconomic status was related to a poorer level of physical
function during nine years of follow-up. In subjects who were between 55 and 70 years old, there
was an additional significant socioeconomic-differential decline in physical function, while
socioeconomic differentials did not further widen in subjects 70 years and older. Behavioral factors,
mainly BMI and physical activity, largely explained the socioeconomic differences in physical
function in the youngest age group, while psychosocial factors reduced socioeconomic status
differences most in the oldest age group.
Conclusion: The findings indicate age-specificity of both the pattern of socioeconomic status
differences in function in older persons and the mechanisms underlying these associations.
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Background
Low socioeconomic status (SES) is related to poor physi-
cal function and the development of physical disabilities
in older adults [1-6]. Disability, usually defined as the ina-
bility to carry out the usual tasks of daily living, is estab-
lished as a powerful measure of health status in old age
[7]. In addition, physical disability in older persons is
related to many diseases and has been shown to be a pre-
dictor of mortality in older adults. Therefore, it is impor-
tant to understand what factors to intervene upon in order
to reduce physical disabilities and the SES differences
therein.
Several factors, including biomedical, behavioral, and
psychosocial factors, may be important in explaining
these SES differences in physical function. Biomedical fac-
tors, such as cardiovascular disease, stroke, and diabetes,
are related to both low SES and adverse functional out-
comes [8-12]. A recent study shows that biomedical fac-
tors, including a wide range of diseases and biological risk
factors, explained part of the SES differences in mobility
limitation incidence in older adults [5]. Low SES is also
related to many adverse behavioral factors, such as smok-
ing, excessive alcohol consumption, and decreasing phys-
ical activity, that in turn are related to poor functional
outcomes [13-16]. Finally, psychosocial factors may be
important in explaining SES differences in poor func-
tional outcomes because people with low SES generally
have fewer psychosocial resources than people with high
SES [17-19]. Psychosocial factors, such as control beliefs
and social support, are also linked to ill health and poor
functional outcomes [20-22].
The present study examines the association between SES
and longitudinal changes in physical function in a repre-
sentative sample of Dutch older adults, who participated
in the Longitudinal Aging Study Amsterdam. Although
SES differences in health occur in different age groups,
these differences have been less examined in older age
groups than in younger age groups. Some studies report
that SES differences attenuate in old age [23-26], although
evidence is contradictory [27]. The present study gives the
opportunity to examine whether the effect of SES on phys-
ical function is different for younger-old (aged 55–70
years) and older-old (aged 70–85 years) adults and how
these differences develop over nine years of follow-up.
The contribution of a number of potential explanatory
factors to explain SES differences in physical function has
been studied before [5,13,28,29]. In this study, however,
we will integrate several explanatory factors, including
diseases, behavioral, and psychosocial factors in order to
determine the relative contribution of these factors to the
explanation of SES inequalities in changes in physical
function.
Methods
Study sample
Data were from the Longitudinal Aging Study Amsterdam
(LASA), an ongoing cohort study on predictors and conse-
quences of changes in well-being and autonomy in older
persons in the Netherlands [30]. A random sample of per-
sons, 55–85 years of age, was drawn from the population
registers of 11 municipalities. This sample was originally
recruited for the NESTOR study on Living Arrangements
and Social Networks of older adults (LSN) in 1992 [31].
The response rate was 62.3% (n = 3,805). About eleven
months after the LSN interview, 3,107 (81.7%) subjects
were enrolled in the main baseline interview of LASA con-
ducted between September 1992 and September 1993.
Attrition was significantly associated with age but not
with gender. At the first follow-up in 1995/1996, 2,545
participants took part in the study; 416 (13.4%) had died
and 146 (4.7%) were lost to follow-up for other reasons
(refusal, too frail, could not be contacted). At the second
follow-up measurement in 1998/1999, 2,076 persons
participated in the study; 343 (13.5%) had died and 126
(5.0%) were lost to follow-up for other reasons. At the
third follow-up measurement in 2001/2002, 1,691 per-
sons took part in the study; 289 (13.9%) had died and 96
(4.6%) were lost to follow-up for other reasons. For the
present study, respondents were selected with data on
physical function at at least two measurements, resulting
in 2,366 participants; 1,262 persons aged 55–70 years and
1,104 persons aged 70–85 years. The medical ethical
review board of the VU University Medical Center
approved the study, and informed consent was obtained
from all respondents.
Measures
Socioeconomic status
Two indicators of SES were used, education and income
[32]. Categories for education were: high (university, col-
lege, higher vocational, general secondary, and intermedi-
ate vocational education, ≥11 years) medium (general
intermediate, and lower vocational education, 7–11
years), and low (elementary education or less, ≤6 years).
For monthly net income, three categories were distin-
guished: high (greater or equal to 1035 euro), medium
(between 625 and less than 1035 euro), and low (less
than 625 euro). For participants with a partner living in
the household, household income was multiplied by 0.7
to make it comparable to the incomes in a one-person
household. Income data at baseline were missing for 342
respondents. For 290 respondents imputations were
made using income data collected at the LSN measure-
ment in 1992 or follow-up measurements [3]. For 52 par-
ticipants income data were missing at all measurements;
therefore they were excluded from the analyses with
income, resulting in 2,314 participants for the analyses
with income.BMC Public Health 2006, 6:244 http://www.biomedcentral.com/1471-2458/6/244
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Physical function
Physical function was measured by self-report. At each
measurement cycle questions were asked about the degree
to which the respondent had difficulty performing six
usual daily activities: walking up and down a 15-step stair-
case without resting, getting (un)dressed, getting up from
and sitting down in a chair, cutting own toenails, walking
5 minutes outdoors without resting, and using own or
public transport [33]. The response categories were: (0)
not able to do, (1) only with help, (2) with much diffi-
culty, (3) with some difficulty, and (4) without difficulty.
The sum score of the six items ranged from 0 to 24, with
lower scores indicating more limitation in physical func-
tion.
Covariates
Sociodemographics included age and sex. The presence of
diseases at baseline was determined by asking the partici-
pants whether they had any of the following chronic dis-
eases: cardiac disease, peripheral arterial disease, stroke,
diabetes mellitus, lung disease, cancer, and arthritis [34].
Life-style factors, measured at baseline, included smoking,
alcohol use, physical activity, and body mass index (BMI).
Four categories of smoking were created: current, former,
never and missing. Categories of alcohol use were: not
drinking, moderate drinking, excessive drinking (at least
three glasses daily), and missing. Physical activity was
defined as the total number of physical activities per-
formed in the past two weeks including walking, cycling,
gardening, performing light and heavy household, and a
maximum of two sports. Four categories were created: 6–
7, 4–5, 1–3, and missing. BMI (weight in kilograms
divided by height in meters squared) was categorized as
lower than 25 kg/m2, between 25 and 30 kg/m2, greater or
equal to 30 kg/m2, and missing. Data on behavioral fac-
tors were missing because these data were collected in a
medical interview in which 86% of the study sample took
part.
Psychosocial factors, measured at baseline, included part-
ner status (presence of a partner, yes or no), network size,
instrumental social support, emotional social support,
mastery, and self-efficacy. The size of the personal net-
work was determined by asking the respondent to identify
the persons, other than their partner, whom they had fre-
quent contact with and who were important to them
(range is 0–75) [35]. For a maximum of nine network
members with whom contact was most frequent, infor-
mation was collected regarding the intensity of received
instrumental social support and social emotional support
(range is 0 (no social support)-36). Mastery was measured
with a 5-item version of the Pearlin Mastery Scale (range
is 5 (lowest)-25) [36]. Self-efficacy was measured with a
12-item version of the General Self-efficacy Scale of Sherer
et al. (range is 12 (lowest)-60) [37,38]. Missing values for
network size (n = 112), instrumental support (n = 118),
emotional support (n = 120), mastery (n = 64), and self-
efficacy (n = 107) were replaced by group means in order
to maintain an optimal sample size for the analyses.
Statistical analyses
All analyses were stratified for two age groups; younger
than 70 years and 70 years and older. Interaction between
SES and age were formally tested. Differences in baseline
characteristics between SES groups were determined using
chi-square test for categorical variables and t-test statistics
for continuous variables. Multilevel analyses, using linear
mixed models in SPSS, were used to examine the associa-
tion between SES and the longitudinal change in physical
function. A multilevel analysis has the advantage that it is
a suitable technique for repeated measurement analyses.
We defined a two-level hierarchy to form random regres-
sion models to describe the individual variability in the
longitudinal development of physical function. The first
level was defined by longitudinal time (in terms of the
number of the observation) and the second level by the
respondents. Five models were fitted. The first model
included SES (education or income) as well as the interac-
tion between SES and longitudinal time to determine how
the effect of SES on physical function developed over nine
years of follow-up. The model also included sex and age
and two interaction terms that were statistically signifi-
cant; the interaction between age and longitudinal time
and between sex and longitudinal time. In model 2, 3,
and 4, diseases, behavioral factors, and psychosocial fac-
tors were introduced separately into the first model in
order to determine the effect of these factors in reducing
SES differences in physical function. Interactions between
covariates and longitudinal were also tested. The fifth
model included all variables of the previous models.
Analyses were performed using SPSS version 12.0.
Results
All analyses were performed in two age groups: younger
than 70 years and 70 years and older. We formally tested
the Interactions between SES and age; interactions were
statistically significant. Interactions between SES and sex
were not statistically significant. Table 1 shows baseline
characteristics of the total study population by SES and
age group. In both age groups there were more women in
low SES groups and respondents were older in low SES
groups. People with higher education or income had sig-
nificantly higher baseline physical function scores, indi-
cating better function, compared to low SES groups in
both age groups (p < 0.01). There was no strong associa-
tion between the prevalence of diseases and SES. In the
lowest age group, only the prevalence of peripheral
atherosclerosis and arthritis was significantly higher in
both the lowest education and income groups. In theB
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Table 1: Baseline characteristics of the study population by SES and age group
< 70 years n = 1262 ≥70 years n = 1104
Baseline characteristics Education Income Education Income
high
n = 401
medium
n = 419
Low
n = 442
ph i g h
n = 553
medium
n = 445
low
n = 248
ph i g h
n = 261
medium
n = 311
low
n = 532
ph i g h
n = 248
medium
n = 339
low
n = 481
p
Women, % 34.4 54.7 69.9 <0.01 41.0 55.7 75.8 <0.01 40.6 42.4 65.6 <0.01 39.1 41.9 68.2 <0.01
Age, mean (SD) 62.1
(4.2)
62.4
(4.3)
63.2
(4.2)
<0.01 61.5
(4.0)
62.9
(4.2)
64.4
(4.2)
<0.01 77.4
(4.3)
76.7
(4.2)
78.0
(4.3)
<0.01 77.4
(4.2)
76.9
(4.3)
77.7
(4.3)
0.03
Physical function
Baseline score (0–24), mean (SD) 23.4
(2.1)
23.1
(2.4)
22.4
(3.4)
<0.01 23.4
(1.8)
22.9
(2.7)
21.8
(4.0)
<0.01 21.3
(4.2)
20.8
(4.7)
19.1
(5.6)
<0.01 20.9
(4.3)
21.2
(4.3)
19.1
(5.8)
<0.01
Diseases
Cardiac disease, % 13.5 15.3 12.2 0.42 13.4 14.0 14.1 0.95 23.1 25.2 23.8 0.83 24.3 24.9 23.9 0.95
Peripheral atherosclerosis, % 5.0 4.8 9.7 <0.01 3.1 9.2 10.1 <0.01 11.5 12.3 10.1 0.60 8.9 10.7 12.2 0.41
Stroke, % 1.0 2.6 2.5 0.19 1.3 2.0 4.0 0.04 5.8 6.8 6.8 0.84 5.7 6.5 6.7 0.86
Diabetes mellitus, % 3.5 3.8 4.8 0.63 3.4 5.4 3.2 0.22 5.8 6.8 8.6 0.33 6.5 6.2 8.4 0.44
Lung disease, % 7.5 7.2 10.6 0.13 7.2 9.2 10.5 0.27 13.1 13.2 12.5 0.95 14.6 11.9 12.8 0.63
Cancer, % 5.0 7.0 8.1 0.19 6.3 6.3 8.9 0.36 6.7 11.3 11.6 0.11 8.1 10.7 11.3 0.39
Arthritis, % 26.3 29.9 35.7 0.01 25.0 34.0 38.7 <0.01 33.8 31.3 40.3 0.02 34.4 32.6 40.0 0.07
Behavioral factors
Smoking, %
non-smoker 15.5 26.5 32.4 <0.01 19.2 26.1 35.1 <0.01 23.4 26.7 39.3 <0.01 22.2 25.4 42.2 <0.01
former 49.9 41.5 33.3 46.5 40.2 32.3 45.2 45.0 28.9 50.0 42.5 28.5
smoker 28.4 23.2 25.3 28.2 24.9 21.4 18.8 19.0 15.4 15.3 20.4 16.0
missing 6.2 8.8 9.0 6.1 8.8 11.3 12.6 9.3 16.4 12.5 11.8 13.3
Dinking, %
non-drinker 9.0 13.4 23.1 <0.01 11.2 17.5 21.0 <0.01 15.3 19.0 26.1 <0.01 27.9 17.7 14.9 <0.01
moderate 77.1 73.0 64.3 75.6 68.3 66.1 67.8 67.5 55.8 56.5 67.8 67.7
excessive 7.7 4.5 3.4 6.7 5.4 1.6 3.4 3.5 1.3 1.9 2.4 3.6
missing 6.2 9.1 9.3 6.5 8.8 11.3 13.4 10.0 16.7 13.7 12.1 13.7
Physical activity, %
6–7 29.9 28.6 20.1 <0.01 28.9 23.4 25.0 <0.01 11.5 11.9 9.2 <0.01 10.9 10.3 11.0 0.83
4–5 45.6 44.9 44.1 46.5 47.6 37.1 33.3 41.2 39.8 37.5 41.9 39.3
0–3 22.2 19.6 29.6 21.9 22.0 31.5 48.3 42.1 39.7 46.0 42.5 42.4
missing 2.2 6.9 6.1 2.7 7.0 6.5 6.9 4.8 11.3 5.6 5.3 7.3
BMI, %
<25 38.2 31.7 23.1 <0.01 35.6 27.6 26.2 <0.01 41.4 29.6 21.2 <0.01 34.3 31.0 23.3 <0.01
25-<30 42.9 44.4 47.3 47.4 43.8 40.7 33.3 44.7 34.8 33.1 42.5 37.4
≥30 10.7 14.1 18.6 8.9 18.0 21.0 10.0 14.8 24.2 16.9 12.4 23.5
missing 8.2 9.8 11.1 8.1 10.6 12.1 15.3 10.9 19.7 15.7 14.2 15.8
Psychosocial factors
With partner, % 84.0 81.1 75.3 <0.01 86.8 82.2 60.5 <0.01 62.1 65.3 45.1 <0.01 62.1 65.5 45.3 <0.01
Network size (0–75), mean (SD) 16.4
(9.3)
15.3
(8.3)
14.2
(7.9)
<0.01 16.3
(9.1)
14.8
(7.8)
13.9
(8.4)
<0.01 14.3
(8.0)
15.5
(8.2)
12.2
(6.8)
<0.01 14.6
(8.2)
13.4
(7.8)
12.0
(7.1)
<0.01
Instrumental support (0–36), mean (SD) 14.8
(6.5)
14.4
(6.1)
14.1
(6.7)
0.36 14.4
(6.1)
14.3
(6.6)
14.9
(7.0)
0.49 14.0
(6.8)
13.9
(6.8)
14.4
(6.8)
0.44 13.9
(6.6)
13.9
(6.4)
14.5
(7.4)
0.33
Emotional support (0–36), mean (SD) 23.4
(7.3)
22.9
(7.2)
22.2
(7.9)
0.07 23.1
(7.3)
22.7
(7.6)
22.4
(7.4)
0.48 22.5
(8.0)
21.0
(8.1)
19.9
(7.8)
<0.01 22.0
(8.0)
21.0
(7.8)
20.1
(8.4)
0.02
Mastery (5–25), mean (SD) 18.1
(3.2)
17.9
(3.1)
17.5
(3.4)
0.03 18.2
(3.1)
17.8
(3.2)
17.2
(3.3)
<0.01 17.0
(3.1)
17.2
(3.2)
16.7
(3.2)
0.08 16.9
(3.1)
16.9
(3.3)
16.9
(3.1)
0.99
Self-efficacy (12–60), mean (SD) 44.0
(5.1)
42.9
(4.8)
41.3
(5.5)
<0.01 43.4
(5.2)
42.5
(5.2)
41.4
(5.4)
<0.01 42.4
(5.3)
41.5
(5.0)
40.6
(4.8)
<0.01 42.1
(5.0)
41.4
(5.0)
40.8
(5.1)
<0.01BMC Public Health 2006, 6:244 http://www.biomedcentral.com/1471-2458/6/244
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highest age group, the prevalence of arthritis was also sig-
nificantly higher in people with a low level of education.
In both age groups, there were more non-smokers and
fewer nondrinkers in the lowest SES groups (p < 0.01).
Persons younger than 70 with high SES were significantly
more physically active compared to the lowest SES groups
(p < 0.01). In the highest age group this association was
present for education, but not for income. In both age
groups, people with low SES had a significantly higher
BMI compared to people with high SES (p < 0.01). Low
SES was also associated with a smaller network, less emo-
tional support, lower feelings of mastery (only in the low-
est age group), and lower self-efficacy compared to people
with high SES.
Mean physical function scores at the four measurements
by age group according to SES are shown in table 2. Low
SES groups had worse physical function scores at all meas-
urements compared to high SES groups. The oldest age
group had lower physical function scores at all measure-
ments than the youngest age group.
Table 3 shows the results of the multilevel analyses for the
group younger than 70 years and table 4 for those 70 years
and older. The tables present the intercept and slope of the
variable time for each model. The intercept is the parame-
ter estimate (baseline score) of the middle and low SES
group compared to the highest SES group. The slope is the
coefficient of the SES*longitudinal time interaction term,
indicating the effect of longitudinal time on physical func-
tion. The fist model is graphically presented in figure 1.
People younger than 70 years old in the lowest SES group
not only had a significantly worse physical function score
at baseline and follow-up, they were also declining signif-
icantly more over time compared to people in the highest
SES group (Table 3: Model 1, Figure 1). Baseline differ-
ences between the lowest and the highest education group
were larger in the oldest age group. SES differences did,
however, not further widen over time in people of 70
years and older (Table 4: Model 1, figure 1).
In model 2, 3, and 4 diseases, behavioral factors, and psy-
chosocial factors were introduced separately into the first
model. In the youngest age group (Table 3), the largest
reduction in intercepts was found in model 3, due to
behavioral factors, for both education and income. A per-
centage reduction in intercept from model 1 was com-
puted by (intercept model 1 - intercept model 3)/
(intercept model 1). The average reduction due to behav-
ioral factors in the lowest SES groups was 65%. BMI and
physical activity most reduced the regression coefficients;
smoking and drinking did not further decrease the regres-
sion coefficients (not tabulated). The average reduction in
the lowest SES groups due to diseases was 35% and 26%
due to psychosocial factors. None of the explanatory fac-
tors could explain the SES-differential decline. The SES
differences in baseline physical function were completely
explained when all factors of the previous models were
added to the fifth model. The differences in slope, how-
ever, remained statistically significant.
In the oldest age group, the large differences in baseline
physical function between the lowest and the highest SES
group could not be fully explained by diseases, behavioral
or psychosocial factors (Table 4). The largest reduction in
intercept differences between the lowest and the highest
SES group in this age group was found in model 4, due to
psychosocial factors (on average 28%). In additional anal-
yses, we determined which psychosocial factors were most
important in reducing the regression coefficients. None of
the psychosocial factors, however, had a large individual
contribution. In the full model (Model 5), the intercept of
low education still was significantly different from that of
higher education.
Because the significant differences in slope between SES
groups, that were found in the lowest age group, could not
be explained by any of the variables that were added in
model 2 to 4, we determined, in additional analyses,
whether interactions between each explanatory factor and
longitudinal time would reduce the slope differences.
However, the coefficients were difficult to interpret which
may be due to the complexity and potential over-fitting of
the models and, therefore, did not add to the explanation
of the slope differences.
Discussion
In an older population, low SES was associated with poor
physical function during nine years of follow-up. In con-
trast to people 70 years and older, where SES differentials
in physical function did not further increase over time,
SES differentials in physical function significantly
increased over nine years in people who were younger
than 70 years. Behavioral factors, mainly BMI and physi-
cal activity, explained a large part of the SES differentials
in baseline physical function in the youngest age group.
Behavioral factors could, however, not explain the SES-
differential decline in physical function. In people 70
years and older, psychosocial factors reduced the SES dif-
ferences most.
An important strength of our study is that we could exam-
ine SES differences in physical function in both younger-
old and older-old adults. Furthermore, we were able to
incorporate a wide range of explanatory factors in the
explanation of SES differences in physical function in
both age groups. Relatively few studies in older people
have investigated the relationship between SES and func-
tional outcomes [1,2,4,5]. Studies have found that health
outcomes were weaker in people aged 65 or older com-B
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Table 2: Mean physical function score * at 4 measurements by age group according to SES
<70 years ≥70 years
1992/1993 1995/1996 1998/1999 2001/2001 1992/1993 1995/1996 1998/1999 2001/2001
n Mean (SD) n Mean (SD) N Mean (SD) n Mean (SD) N Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)
Education
High 400 23.4 (2.1) 389 23.0 (2.6) 363 22.7 (3.0) 329 22.3 (3.2) 261 21.3 (4.2) 257 19.9 (5.1) 173 18.9 (6.0) 113 18.8 (5.8)
Medium 419 23.1 (2.4) 412 22.5 (3.3) 370 22.5 (3.2) 323 21.8 (3.7) 310 20.8 (4.7) 305 19.8 (5.6) 233 18.8 (5.5) 145 18.7 (5.6)
Low 442 22.4 (3.4) 425 21.9 (3.7) 388 21.2 (4.4) 339 20.6 (4.6) 531 19.1 (5.6) 510 17.8 (6.1) 345 16.6 (6.5) 219 15.7 (6.4)
Overall 1261 22.9 (2.7) 1226 22.5 (3.3) 1121 22.1 (3.6) 991 21.6 (3.9) 1102 20.1(5.2) 1072 18.8 (5.8) 751 17.8 (6.2) 477 17.4 (6.2)
Income
High 552 23.4 (1.8) 543 23.1 (2.4) 499 22.9 (2.6) 457 22.4 (2.9) 248 20.9 (4.3) 246 19.9 (5.1) 177 18.8 (5.8) 113 18.8 (5.9)
Medium 445 22.9 (2.7) 432 22.4 (3.1) 394 21.9 (3.6) 355 21.3 (4.1) 339 21.2 (4.3) 326 19.6 (5.4) 247 18.2 (6.3) 157 18.0 (6.0)
Low 248 21.8 (4.0) 236 21.3 (4.7) 218 20.6 (5.0) 176 19.8 (5.2) 479 19.1 (5.8) 465 18.0 (6.1) 318 17.2 (6.1) 204 16.2 (6.1)
Overall 1245 22.9 (2.8) 1211 22.5 (3.3) 1111 22.1 (3.6) 988 21.6 (4.0) 1066 20.2 (5.1) 1037 19.0 (5.7) 742 17.9 (6.1) 474 17.4 (6.1)
* Score ranged from 0 to 24, higher scores indicate better physical abilityB
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Table 3: Intercept and slope of SES on physical function in group <70 years old
Model 1 *
sociodemographics
Model 2 †
model 1+ diseases
Model 3 ‡
model 1+ behavioral factors
Model 4 §
model 1+ psychosocial factors
Model 5 ¶
all variables previous models
Intercept p Slope p Intercept p Slope p Intercept p Slope p Intercept p Slope p Intercept p Slope p
Education
High Ref.
Medium -0.16 0.45 -0.04 0.59 -0.08 0.69 -0.04 0.62 -0.07 0.73 -0.04 0.59 -0.14 0.49 -0.04 0.59 0.01 0.98 -0.04 0.62
Low -0.43 0.05 -0.24 <0.01 -0.24 0.26 -0.24 <0.01 -0.07 0.74 -0.24 <0.01 -0.35 0.11 -0.24 <0.01 0.07 0.73 -0.24 <0.01
Income
High Ref.
Medium -0.22 0.26 -0.17 0.02 -0.05 0.79 -0.17 0.03 0.03 0.87 -0.17 0.02 -0.15 0.44 -0.17 0.02 0.18 0.35 -0.16 0.03
Low -0.83 <0.01 -0.36 <0.01 -0.62 0.01 -0.36 <0.01 -0.46 0.06 -0.36 <0.01 -0.56 0.02 -0.36 <0.01 -0.16 0.50 -0.35 <0.01
* Model 1: adjusted for age, sex, and interactions between age and longitudinal time, and sex and longitudinal time
† Model 2: adjusted for age, sex, interactions between age and longitudinal time and sex and longitudinal time, cardiac disease, peripheral arterial disease, stroke, diabetes mellitus, lung disease, cancer, 
arthritis
‡ Model 3: adjusted for age, sex, interactions between age and longitudinal time and sex and longitudinal time, smoking, drinking, BMI, and physical activity
§Model 4: adjusted for age, sex, interactions between age and longitudinal time and sex and longitudinal time, partner status, network size, instrumental social support, emotional social support, mastery, and 
self-efficacy
¶Model 5: all variables of previous modelsB
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Table 4: Intercept and slope of SES on physical function in group ≥70 years old
Model 1 *
sociodemographics
Model 2 †
model 1+ diseases
Model 3 ‡
model 1+ behavioral factors
Model 4 §
model 1+ psychosocial factors
Model 5 ¶
all variables previous models
Intercept p Slope p Intercept p Slope p Intercept p Slope p Intercept p Slope p Intercept p Slope p
Education
High Ref.
Medium -0.74 0.12 0.16 0.39 -0.66 0.15 0.15 0.41 -0.76 0.10 0.16 0.39 -0.69 0.14 0.16 0.39 -0.68 0.12 0.15 0.41
Low -1.36 <0.01 0.01 0.94 -1.17 <0.01 -0.00 0.99 -1.16 <0.01 0.01 0.96 -1.04 0.02 0.01 0.95 -0.83 0.04 -0.01 0.97
Income
High Ref.
Medium 0.30 0.52 -0.26 0.16 0.29 0.52 -0.25 0.17 0.18 0.68 -0.26 0.16 0.41 0.38 -0.26 0.15 0.22 0.60 -0.25 0.17
Low -0.86 0.06 -0.10 0.57 -0.67 0.12 -0.13 0.47 -0.80 0.06 -0.10 0.58 -0.59 0.19 -0.10 0.56 -0.47 0.26 -0.12 0.48
* Model 1: adjusted for age, sex, and interactions between age and longitudinal time, and sex and longitudinal time
† Model 2: adjusted for age, sex, interactions between age and longitudinal time and sex and longitudinal time, cardiac disease, peripheral arterial disease, stroke, diabetes mellitus, lung disease, cancer, 
arthritis
‡ Model 3: adjusted for age, sex, interactions between age and longitudinal time and sex and longitudinal time, smoking, drinking, BMI, and physical activity
§Model 4: adjusted for age, sex, interactions between age and longitudinal time and sex and longitudinal time, partner status, network size, instrumental social support, emotional social support, mastery, and 
self-efficacy
¶Model 5: all variables of previous modelsBMC Public Health 2006, 6:244 http://www.biomedcentral.com/1471-2458/6/244
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Longitudinal course of physical function* according to socioeconomic status in two age groups (<70 years old and ≥ 70 years  old) Figure 1
Longitudinal course of physical function* according to socioeconomic status in two age groups (<70 years old 
and ≥ 70 years old). * Adjusted for age, sex, and interactions between age and longitudinal time, and sex and longitudinal 
time
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pared to younger people. A recent study in women
showed that SES inequalities in physical health may atten-
uate by the age of 70 [24]. This latter study also found a
strong cross-sectional association between SES and physi-
cal function, but no association with a decline in physical
function [24]. The present study shows that even in old
age, SES differences in physical function were still present.
In people of 70 years and older, SES differences in physi-
cal function did not increase over time, but still existed
after nine years of follow-up. The lowest SES group prob-
ably consists of "healthy survivors" because of selection
prior to baseline and attrition due to mortality during the
follow-up. It may be due to this healthy survivor effect
that SES differentials in physical function did not widen
over time in this age group. A recent study showed that
mortality selection and cohort effects could not fully
explain shrinking educational disparities in functional
health in old age and that further research is necessary to
explore explanation for diminishing SES differences in
health [39].
In the youngest age group, a high percentage had no phys-
ical function problems at baseline (not tabulated). The
decline in physical function that was found in this age
group was mainly due to the onset of physical function
problems rather than to a further functional decline
related to an already existing disability. This may underlie
the age-specificity that was found in both the pattern and
the explanation of SES differences in physical function.
Behavioral factors, in this study particularly high BMI and
low physical activity, may be important in predicting the
onset of physical function problems in the youngest age
group. Adverse psychosocial factors, such as low social
support and low self-efficacy, may cause a further decline
in physical function in the oldest age group. Existing phys-
ical function problems may negatively influence some-
one's psychosocial profile, such as lower self-efficacy,
which may further accelerate the decline in physical func-
tion as in a vicious circle [40]. Such pathways and recipro-
cal associations need further detailed examination.
In this study, a wide range of different explanatory factors
was considered in order to get more insight into the expla-
nation of SES inequalities in physical function. A few
drawbacks, however, have to be considered. First, the SES
differential decline that was found in the youngest age
group could not be explained. This suggests that other fac-
tors that were not measured in this study may have caused
the widening over time in this age group. Second, the con-
tribution of the explanatory factors in reducing the SES
differences and in particular the SES-differential decline in
physical function could have been larger if these factors
had also been considered longitudinally. However, there
is evidence that behavioral factors, mainly smoking and
alcohol consumption remain rather stable over time;
physical activity showed greater variability over time.
These changes in health behavior were, however, not
related to SES [41]. Psychosocial factors, such as network
size and social support, probably also remained rather sta-
ble during the follow-up [35,42]. The prevalence of dis-
eases, however, was more likely to have changed during
the nine years of follow-up which may have led to an
underestimation of the contribution of these factors.
Third, we assumed that the three groups of explanatory
factors had an independent contribution to the explana-
tion of SES differences in physical function. The mecha-
nism are probably interrelated, indicating that some
mechanisms work through others rather than work inde-
pendently from each other. This may have had conse-
quences for the estimation of the exact contribution of
each group of explanatory factors in the explanation of
SES differences in physical function. However, the contri-
bution of diseases, behavioral, and psychosocial factors
together is not affected by whether these factors are inter-
related or not. Fourth, missing values for psychosocial fac-
tors were replaced by group means, which could have led
to an attenuation of the effect of these factors in explain-
ing the SES differentials. In additional analyses, however,
in which subjects with missing values on psychosocial fac-
tors were excluded, the contribution of these factors in the
explanation of SES differences in physical function was
very similar. Because of a large number of missing data on
behavioral factors, a missing category was created and
included in the main analyses. The contribution of behav-
ioral factors was also very similar when we excluded sub-
jects with missing data. Finally, we must acknowledge
that, had more objective information on diseases been
available, the reduction in the strength of the SES effect
might have been larger.
Loss to follow-up was a limitation of this study. Attrition
was mainly due to mortality (74% of the total loss to fol-
low-up). People who were lost to follow-up for other rea-
sons had worse physical function scores at baseline,
compared to those who remained in the study (data not
shown). In addition, those who were lost to follow-up
also had a significantly lower SES compared to our study
population. The association between SES and physical
function may therefore have been underestimated.
Whether the relative contribution of explanatory variables
was equally underestimated remains unknown.
Conclusion
This study contributes to the understanding of the mech-
anisms underlying the association between SES and phys-
ical function in older adults. In order to reduce physical
disabilities in older adults and in particular the socioeco-
nomic differences therein, it may be helpful to improve
health-related behaviors in younger-old adults and to
intervene upon psychosocial characteristics in older-oldBMC Public Health 2006, 6:244 http://www.biomedcentral.com/1471-2458/6/244
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adults. Further study is needed to confirm the age-specifi-
city that was found in both the pattern and the explana-
tion of socioeconomic differences in function in older
adults.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
AK analyzed the data and wrote the first draft of the paper.
HB contributed to the conceptualization of the idea, con-
tributed to the data analyses, interpreted the data, and
contributed to drafts of the article. MIBG contributed to
the conceptualization of the idea, interpreted the data,
and reviewed drafts of the article. GIJMK, BWJHP, and
JTME interpreted the results and reviewed drafts of the
paper. DJHD, scientific director of LASA, interpreted the
results and contributed to drafts of the manuscript. All
authors approved the final version of the paper.
Acknowledgements
The Longitudinal Aging Study Amsterdam is largely funded by the Ministry 
of Health, Welfare and Sports of the Netherlands. The authors like to thank 
Dr. F.E.S. Tan for his statistical advice.
References
1. Amaducci L, Maggi S, Langlois J, Minicuci N, Baldereschi M, Di Carlo
A, Grigoletto F: Education and the risk of physical disability
and mortality among men and women aged 65 to 84: the
Italian Longitudinal Study on Aging.  J Gerontol A Biol Sci Med Sci
1998, 53(6):M484-90.
2. Grundy E, Glaser K: Socio-demographic differences in the
onset and progression of disability in early old age: a longitu-
dinal study.  Age Ageing 2000, 29(2):149-157.
3. Broese van Groenou MI, Deeg DJ, Penninx BW: Income differen-
tials in functional disability in old age: relative risks of onset,
recovery, decline, attrition and mortality.  Aging Clin Exp Res
2003, 15(2):174-183.
4. Melzer D, Izmirlian G, Leveille SG, Guralnik JM: Educational differ-
ences in the prevalence of mobility disability in old age: the
dynamics of incidence, mortality, and recovery.  J Gerontol B
Psychol Sci Soc Sci 2001, 56(5):S294-301.
5. Koster A, Penninx BW, Bosma H, Kempen GI, Harris TB, Newman
AB, Rooks RN, Rubin SM, Simonsick EM, van Eijk JT, Kritchevsky SB:
Is there a biomedical explanation for socioeconomic differ-
ences in incident mobility limitation?  J Gerontol A Biol Sci Med Sci
2005, 60(8):1022-1027.
6. Huisman M, Kunst AE, Mackenbach JP: Socioeconomic inequali-
ties in morbidity among the elderly; a European overview.
Soc Sci Med 2003, 57(5):861-873.
7. Guralnik JM, Fried LP, Salive ME: Disability as a public health out-
come in the aging population.  Annu Rev Public Health 1996,
17:25-46.
8. Kaplan GA, Keil JE: Socioeconomic factors and cardiovascular
disease: a review of the literature.  Circulation 1993, 88(4 Pt
1):1973-1998.
9. Brunner EJ, Marmot MG, Nanchahal K, Shipley MJ, Stansfeld SA, Juneja
M, Alberti KG: Social inequality in coronary risk: central obes-
ity and the metabolic syndrome. Evidence from the White-
hall II study.  Diabetologia 1997, 40(11):1341-1349.
10. Everson SA, Maty SC, Lynch JW, Kaplan GA: Epidemiologic evi-
dence for the relation between socioeconomic status and
depression, obesity, and diabetes.  J Psychosom Res 2002,
53(4):891-895.
11. Boult C, Kane RL, Louis TA, Boult L, McCaffrey D: Chronic condi-
tions that lead to functional limitation in the elderly.  J Geron-
tol 1994, 49(1):M28-M36.
12. Seeman TE, Charpentier PA, Berkman LF, Tinetti ME, Guralnik JM,
Albert M, Blazer D, Rowe JW: Predicting changes in physical
performance in a high-functioning elderly cohort:
MacArthur studies of successful aging.  J Gerontol 1994,
49(3):M97-108.
13. Martikainen P, Stansfeld S, Hemingway H, Marmot M: Determinants
of socioeconomic differences in change in physical and men-
tal functioning.  Soc Sci Med 1999, 49(4):499-507.
14. Marmot MG, Shipley MJ, Rose G: Inequalities in death--specific
explanations of a general pattern?  Lancet 1984,
1(8384):1003-1006.
15. Droomers M, Schrijvers CT, Mackenbach JP: Educational level and
decreases in leisure time physical activity: predictors from
the longitudinal GLOBE study.  J Epidemiol Community Health
2001, 55(8):562-568.
16. Stafford M, Hemingway H, Stansfeld SA, Brunner E, Marmot M:
Behavioural and biological correlates of physical functioning
in middle aged office workers: the UK whitehall II study.  J Epi-
demiol Community Health 1998, 52(6):353-358.
17. Bosma H, Schrijvers C, Mackenbach JP: Socioeconomic inequali-
ties in mortality and importance of perceived control:
cohort study.  BMJ 1999, 319(7223):1469-1470.
18. Kristenson M, Eriksen HR, Sluiter JK, Starke D, Ursin H: Psychobio-
logical mechanisms of socioeconomic differences in health.
Soc Sci Med 2004, 58(8):1511-1522.
19. Taylor SE, Seeman TE: Psychosocial resources and the SES-
health relationship.  Ann N Y Acad Sci 1999, 896:210-225.
20. Siegrist J, Marmot M: Health inequalities and the psychosocial
environment-two scientific challenges.  Soc Sci Med 2004,
58(8):1463-1473.
21. Kempen GI, van Heuvelen MJ, van Sonderen E, van den Brink RH,
Kooijman AC, Ormel J: The relationship of functional limita-
tions to disability and the moderating effects of psychologi-
cal attributes in community-dwelling older persons.  Soc Sci
Med 1999, 48(9):1161-1172.
22. Bosma H, Van Jaarsveld CH, Tuinstra J, Sanderman R, Ranchor AV,
Van Eijk JT, Kempen GI: Low control beliefs, classical coronary
risk factors, and socio-economic differences in heart disease
in older persons.  Soc Sci Med 2005, 60(4):737-745.
23. Mustard CA, Derksen S, Berthelot JM, Wolfson M, Roos LL: Age-
specific education and income gradients in morbidity and
mortality in a Canadian province.  Soc Sci Med 1997,
45(3):383-397.
24. Mishra GD, Ball K, Dobson AJ, Byles JE: Do socioeconomic gradi-
ents in women's health widen over time and with age?  Soc Sci
Med 2004, 58(9):1585-1595.
25. House JS, Kessler RC, Herzog AR: Age, socioeconomic status,
and health.  Milbank Q 1990, 68(3):383-411.
26. House JS, Lantz PM, Herd P: Continuity and change in the social
stratification of aging and health over the life course: evi-
dence from a nationally representative longitudinal study
from 1986 to 2001/2002 (Americans' Changing Lives Study).
J Gerontol B Psychol Sci Soc Sci 2005, 60 Spec No 2:15-26.
27. Berkman CS, Gurland BJ: The relationship among income,
other socioeconomic indicators, and functional level in older
persons.  J Aging Health 1998, 10(1):81-98.
28. Hemingway H, Nicholson A, Stafford M, Roberts R, Marmot M: The
impact of socioeconomic status on health functioning as
assessed by the SF-36 questionnaire: the Whitehall II Study.
Am J Public Health 1997, 87(9):1484-1490.
29. Koster A, Bosma H, van Lenthe FJ, Kempen GI, Mackenbach JP, van
Eijk JT: The role of psychosocial factors in explaining socio-
economic differences in mobility decline in a chronically ill
population: results from the GLOBE study.  Soc Sci Med 2005,
61(1):123-132.
30. Deeg DJH, Knipscheer CPM, Van Tilburg W: Autonomy and well-
being in the aging population. Concepts and design of the
Longitudinal Aging Study Amsterdam.  Bunnik , Netherlands
Institute of Gerontology; 1993. 
31. Knipscheer CPM, de Jong-Gierveld J, Van Tilburg TG, Dykstra PA:
Living arrangements and social networks of older adults.
Amsterdam , VU University Press; 1995. Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Public Health 2006, 6:244 http://www.biomedcentral.com/1471-2458/6/244
Page 12 of 12
(page number not for citation purposes)
32. Grundy E, Holt G: The socioeconomic status of older adults:
how should we measure it in studies of health inequalities?  J
Epidemiol Community Health 2001, 55(12):895-904.
33. van Sonsbeek JLA: Methodological and substantial aspects of
the OECD indicator of chronic functional limitations.  Maand-
bericht Gezondheid (CBS) 1988, 88:4-17.
34. Kriegsman DM, Penninx BW, van Eijk JT, Boeke AJ, Deeg DJ: Self-
reports and general practitioner information on the pres-
ence of chronic diseases in community dwelling elderly. A
study on the accuracy of patients' self-reports and on deter-
minants of inaccuracy.  J Clin Epidemiol 1996, 49(12):1407-1417.
35. van Tilburg T: Losing and gaining in old age: changes in per-
sonal network size and social support in a four-year longitu-
dinal study.  J Gerontol B Psychol Sci Soc Sci 1998, 53(6):S313-23.
36. Pearlin LI, Schooler C: The structure of coping.  J Health Soc Behav
1978, 19(1):2-21.
37. Sherer M, Maddux JE, Mercadente B, Prentice-Dunn S, Jacobs B, Rog-
ers RW: The self-efficacy scale: Construction and validation.
Psychol Rep 1982, 51:663-671.
38. Bosscher RJ, Smit JH: Confirmatory factor analysis of the Gen-
eral Self-Efficacy Scale.  Behav Res Ther 1998, 36(3):339-343.
39. Herd P: Do Functional Health Inequalities Decrease in Old
Age?: Educational Status and Functional Decline Among the
1931-1941 Birth Cohort.  Res Aging 2006, 28(3):375-392.
40. Verbrugge LM, Jette AM: The disablement process.  Soc Sci Med
1994, 38(1):1-14.
41. Mulder M, Ranchor AV, Sanderman R, Bouma J, van den Heuvel WJ:
The stability of lifestyle behaviour.  Int J Epidemiol 1998,
27(2):199-207.
42. Broese van Groenou M, Van Tilburg T: Changes in the support
networks of older adults in the Netherlands.  J Cross Cult Geron-
tol 1997, 12(1):23-44.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/6/244/pre
pub